Keywords: SV40/retroviral vector/recombinant virus/macrophage ABSTRACT. By using a helper-free and replication-defective recombinant retrovirus encoding the SV40 early antigens (MV40), we have established continuous macrophage (M0) lines. All of the lines were nonproducer M 0's with differentiated M0 functions such as phagocytosis, cytotoxicity, and IL-1 and TNF production. To determine the effects of several cytokines on growth of mature M0's, the responsiveness of these established M&lines to various cytokines was investigated in methylcellulose culture. Their response patterns to several cytokines alone and in combination were different, implying that there might be mature M0subpopulations with distinct growth profiles regulated by several cytokines. On the other hand, all of the lines efficiently yielded a number of colonies in response to interleukin-4 (IL-4) alone. Moreover, IL-4 cooperated with interleukin-3 (IL-3) to enhance colony formation of all the lines. A similarly synergistic effect was observed in combination of IL-4 and macrophage-colony stimulating factor (M-CSF) in almost all the lines. Similar results were obtained with colony formation of fresh thioglycolate-induced M0's. These observations suggested that IL-4 was involved in growth of mature M^'s. Our present results suggest that the helper-free and replication-defective MV40is of use to obtain continuous and functional cell lines from primary M^'s.
The macrophage/monocyteplays primitive and indispensable roles in the primary host defense, the succeeding immunoreaction, and hematopoiesis in vivo (12, 24) . These mononuclear phagocytes are generally considered to consist of heterogenous populations, the functions and phenotypes of which vary depending upon the distribution in the body (27, 28) . Although recent studies show that several cytokines including interleukin-3 (IL-3), interleukin-4 (IL-4), granulocyte-macrophage-colony stimulating factor (GM-CSF), macrophage-colony stimulating factor (M-CSF), and interferon-/-(IFN-f) have effects on macrophage (M0) function (4, 21, 22, 31, 32) , their possible involvement in the 1 To whomall correspondence should be addressed. Abbreviations used: MV40, SV40-retrovirus; M0, macrophage; G-CSF, granulocyte-colony stimulating factor; GM-CSF, granulocytemacrophage-colony stimulating factor; M-CSF, macrophage-colony stimulating factor; IFN-y, interferon-f; IL-1, interleukin-1; IL-2, interleukin-2; IL-3, interleukin-3; IL-4, interleukin-4; TNF, tumor necrosis factor; TG, thioglycolate;
MTT, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide; PHA, phytohemagglutinin; SRBC, sheep red blood cells; LPS, lipopolysaccharide; kb, kilobase pairs; kd, kilodaltons; ADCC,antibody-dependent cellular cytotoxicity * Present address:
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growth of mature M<ft has been poorly understood. Several reports suggest that growth requirements of mature M^'s differ depending on their origins and differentiation stages (1, 3) .
To analyze the growth and function of M0's in vitro, it would be of help to obtain a number of clonal and functional macrophage/monocyte lines. Some tumor viruses such as SV40 and wild-type retroviruses have often been utilized to establish cell lines in mice (14, 23, 25) . Murine M^'s are not efficiently immortalized by SV40because of its low infectivity. In the case of wildtype retroviruses, progeny viruses propagated in established cell lines affect the further biological examination and confuse the analysis. Recent improvement in the recombinant viral vector system has provided a helperfree and replication-defective virus stock (13 Cells. ¥2EVXT14, which produced helper-free and replication-defective retroviruses encoding the SV40early antigens (MV40) (9), J774-1, which was kindly provided by Dr. S. Natori at Tokyo University, Japan, EL4, P815, and WEHI3 cells were maintained with RPMI1640(Gibco Laboratories, Grand island, NY, USA) containing 50juM 2-ME, 50/ig/ml streptomycin (Meiji Seika Kaisha, Ltd., Tokyo, Japan), 50 MEMcontaining 50juM 2-ME, 50//g/ml streptomycin, 50 U/ml penicillin, 5% FCS. FDC-P2 (IL-3-dependent cells kindly provided by Dr. K. Kumagai at Tohoku University, Japan), IC2/GM (GM-CSF-dependent cells kindly provided by Dr. S. Koyasu at the Tokyo Metropolitan Institute of Medical Science, Japan), and NFS60/GM(GM-CSF-dependent cells kindly provided by Dr. T. Suda at Jichi Medical School, Japan), were maintained with the complete RPMIcontaining 30% conditioned media of WEHI3cells as murine IL-3 or 50 U/ml recombinant murine GM-CSF. Cytokines and other reagents. Recombinant factors were as follows: recombinant human (rh) interleukin-2 (IL-2) (6); recombinant murine (rm) 6); (pSRamIL-4 constructed from pSP6BSF (17), a kind gift of Drs. T. Hirano and T. Kishimoto at Osaka University, Japan), rmGM-CSF (pHSmGM-CSF, 8); and rm granulocyte-colony stimulating factor (G-CSF) (pLSVmG-CSF). Supernatants of COScells transfected with each factor CDNAexcept rhIL-2 were used as the source of the recombinant factor. In all of the present experiments, the concentration of the supernatants was less than 0.1%. PCDL-SRa296 vector-transfected supernatants of COS-1cells were used as negative controls. PCDL-SRa296 vector was kindly provided by Dr. Y. Takebe at the National Institute of Health, Japan (26) . rhIL-2 produced in E. coli was highly purified (107 U/mg) (6). mM-CSF was partially purified from conditioned media of L929 cells. rmlFN-T-(4.5 x 106 U/mg) was obtained from Genzyme Phagocytosis. Latex beads (Polymer Science Inc., Warrington, PA, USA) and anti-sheep red blood cell (SRBC) antibody (Cappel, Organon Teknika corp. , The Netherlands)-sensitized SRBCwere incubated with cells for 0.5 hours at 37°C. After incubation, the cells were washed with the complete RPMIand then microscopically observed.
Immunologicalmarker. Mac-1 (Ml/70), la (M5/114), and Ly-5 (Ml/9.3 HL) (Hybritech Inc., San Diego, CA, USA) were detected by fluorescein-conjugated goat anti-rat IgG F (ab')2 fragments (Cappel), and then analyzed by Epics CS (Coulter Electronics, Hialeah, FL, USA). Immunoprecipitation. Cells were washed methionine-free RPMI1640 (Met (-) RPMI, Gibco Laboratories), incubated in Met (-) RPMI containing 2% dialyzed FCS (Gibco Laboratories) for 2.5 hours, and further incubated in 1 ml of Met (-) RPMI containing 100 juCi [35S]-methionine (Amersham corp., Arlington Heights, IL, USA) and 2% dialyzed FCS for 3 hours. After washing with prewarmed PBS containing 2 mg/ml methionine, the cells were lysed with 1 ml of 50 mM Tris-HCl, pH8.0, 120mMNaCl, and 0.5% NP40 for 0.3 hours on ice and centrifuged. Aliquots of the lysates contain-ing equivalent quantities of incorporated radioactivity were precipitated by a monoclonal antibody against the SV40early 51Cr release of sample-51Cr release in medium 51Cr release in 1% TritonX-100-51Cr release in medium xlOO.
Antibody-dependent cellular cytotoxicity (ADCC)was assayed with EL4 as described above in the presence of antiThyl.2 monoclonal antibody (Cappel).
Southern blot hybridization.
Genomic DNA was extracted as previously described (20) . The digested DNA's were electrophoresed on a 0.8% agarose gel, transferred to a nitrocellulose membrane filter, and hybridized with 32P-nick-translated SV40 DNA.After washing under stringent conditions, the dried filter was subjected to autoradiography. Morphology. Cells were subjected to cytospin smear (Cyto- (TME1, TME3, TME5, TME6, TME8, TME9, TME18, TME30 , and BABT9I) were digested with Hpa I, which cuts only one site within the MV40 provirus, electrophoresed on a 0.8% agarose gel, transferred to a nitrocellulose filter, and hybridized with 32P-labeled SV40
DNA.
plemented with 20% conditioned media of L929 cells and 5 jug/ml polybrene (Aldrich, WI, USA). After overnight culture, the adherent cells were washed and cultured in the presence of 20%conditioned media of L929 cells. In a few weeks, the growing cells were collected by ring-trypsinization and expanded. In both experiments, the growing cells were cloned by limiting dilution. TMElines were established from the embryo cells. A BABT9Iline was obtained from the bone marrow cells and could be propagated without conditioned media of L929 cells. All of the lines were maintained over a year with the complete RPMI. Phenotypical features of the TME5line as a representative are shownin Fig. 1 . All continuous cell lines were strongly adherent to a plastic culture flask (Fig. 1, A) . With May-Giemsa stain, they showed typical morphological features as M0 (Fig. 1, B) : they had round nuclei, and large and pale cytoplasms. They ingested latex beads and IgG-sensitized SRBC (Fig. 1, C and D, respectively) , and formed rosettes with IgG-sensitized SRBC (Fig. 1, D) . Their immunological surface markers were the same, namely Mac-1+, Ia+, Ly-5+, and Fc^R+. Integration ofMV40provirus into the genomic DNA's of established M<plines. Figure 2 shows the results of Southern blot analysis with SV40 DNA.Since MV40 provirus has only one Hpa I site (10), the appearance of many SV40-specific hybridization bands in all TME lines suggested that each TMEline harbored multiple proviral copies. In contrast, two Hpa I fragments were detected in BABT9I,suggesting that only one complete MV40provirus was integrated into BABT9Igenome. nine-labeled cells were quantitatively precipitated by the monoclonal antibody against the SV40 T/t antigens, followed by 10% SDS-PAGE (Fig. 3) . This antibody specifically immunoprecipitated the large T antigen (94 kd) and its associated p 53 (53 kd), none of which could be detected by normal mouse IgG (Fig. 3, A) . All of the lines expressed the SV40 large T antigen and the p 53 (Fig. 3, B) . The small t antigen (17 kd) was detected by longer exposure of autoradiography (data not shown). These immunoprecipitation analyses revealed that the integrated MV40proviruses were active. In spite of integration and expression of the MV40 proviruses, no progeny virus could be detected in the culture fluids of all the lines by focus formation assay on rat fibroblasts (data not shown). These observations indicated that the lines did not produce any MV40.
Characterization of the established cell lines as M<j> 's. As shown in Fig. 4 , the growth of almost all the lines except for TME3and BABT9Iwas significantly inhibited by LPS. Simultaneously, all the LPS-stimulated lines were larger in cytoplasm and muchmore adherent to the culture dish (data not shown). These observations indicated that all of the lines were sensitive to LPS. We then investigated their antitumor activity against EL4 Targets   TME3   TME5   TME6   TME9   TME30   BABT9I   TME3   TME5   TME6   TME9   TME30 and P815 cells (Fig. 5) . The TME9line showed apparently cytotoxic activity at the low level without stimulation. Someof the lines killed target cells when stimulated by IFN-f or LPS alone. All of the lines became obviously cytotoxic in response to IFN-t* plus LPS. Also, all TMElines showed ADCC,which was enhanced by LPS pretreatment except for TME6 (Fig. 6) . BABT9I, on the other hand, showed ADCC only when stimulated by LPS. Furthermore, upon LPS stimulation, IL-1 and TNFactivities were detectable in supernatants of almost all the lines (Table I) culture (Table II) . GM-CSF, IL-3, and IL-4 alone induced a number of colonies, whereas G-CSF and M-CSF alone yielded a small number of colonies. Combination of IL-3 and IL-4 generated colonies more effectively than each alone. M-CSF, on the other hand, appeared to inhibit the GM-CSFcolony formation of fresh TG-induced M0's. Since fresh TG-induced M^'s were mixed populations, it was difficult to know whether individual M^'s could respond to single or multiple factors. To clarify this point, using the M0 lines including TME and J774-1 lines, we examined their growth property in terms of responsiveness to cytokines. These results are summarized in Table III . When cultured without any cytokine, these lines except for TME3 and J774-1 c) COScells were transfected with PCDL-SRa296vector alone. The supernatants were harvested after 3 days and used as control at 10% final concentration. a) 103 cells of each line, but 104 cells in TME9, were seeded into methylcellulose culture supplemented with the indicated cytokines (100 U/ml). Formed colonies were scored after 14 days. b) Each value represents the mean number (±SD) of colonies from triplicate cultures. c) Mock-transfected supernatants of COS-1 cells were obtained as described in the footnote to Table II and used as control at 10% final concentration.
hardly generated colnies. In contrast, GM-CSFand IL- (27, 28) and the difficulty of obtaining a homogenous population. Several M0 lines have been used under biologically restricted conditions since these lines are tumorigenic, less functional, or produce wild-type retroviruses. Particularly, the progeny of these viruses often affect biological examinations. Here, employing the helper-free and replication-defective MV40(9, 10), murine continuous M<fi lines have been immortalized. These lines established here carried MV40proviruses, but produced no progeny of MV40.
Judging from our observation that no myeloid except for the M0line could be obtained (data not shown), MV40appeared to immortalize rather selectively murine M^'s, like raf/mil retrovirus (2). The established M0lines expressed several functions such as phagocytosis, antitumor activity, ADCC, and IL-1 and TNF production, although to a somewhat different extent. The TMElines produced IL-1 and TNF upon LPS stimulation, whereas the BABT9Iline did not. This difference might be due to the different origins; TME lines were derived from embryos while BABT9Icame from bone marrow. However, BABT9I constitutively expressed IL-1a, IL-1/5, and TNF mRNA'sdetected by northern blot analysis (data not shown). BABT9I might have produced these factors whose levels were not detected by our present biological assays. Although flow cytometric analysis showed that 41-74% of cells of several M<f> lines expressed la antigen, these lines hardly exhibited antigen presenting activity (data not shown). The reason for this deficiency in antigen presenting activity is uncertain. This might be due to the origin, the influence of the SV40T antigens, or both. These results suggested that the nonproducer lines retained several M0functions except for antigen presenting activity.
We examined cytokine-dependent growth of fresh TG-induced peritoneal M^'s. IL-3, IL-4, GM-CSF, M-CSF, and G-CSF induced their growth to generate colonies in semisolid medium. However, the fine responsiveness of mature M0's to cytokines remains unclear because of their heterogeneity. To clarify this point, we examined growth properties of the established M0lines.
The different response patterns of the M<£lines to several cytokines were observed. These results may imply that mature individual M^'s respond to multiple cytokines and that there are distinct subpopulations of M^'s which have different growth profiles to several cytokines. The differences in cytokine responsiveness of the lines might not be due to the SV40 T antigens since these expression levels were not correlated with the cytokine response pattern. However,the possibility could not be ruled out that the SV40 T antigens modified cytokine-dependent growth of the M^lines. It is established that IL-4 is a B-cell stimulating factor (ll, 19) , and that IL-4 acts as a mature mast cell growth factor (ll). 
